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Introduction
We consider here linear structured systems which represent a large class of parameter dependent linear systems. Generic properties for such systems can be obtained easily from a graph naturally associated with the systems. This approach was pioneered by Lin [6] . In this framework, the DRMF problem has been solved via a graph approach in [7] , [8] . It is clear that the solvability of this problem highly relies on the sensor network. Sensor location has already been studied in a structural framework for two other problems, the observability in [9] , [10] , [11] and the Fault Detection and Isolation problem in [12] , [13] . Dynamic systems are often affected by unmeasurable disturbances. It is important that some system performances are still performed in the presence of disturbances. Control of physical systems must take into account the existence of disturbances and possibly reject their effect. This paper is concerned with a classical problem of the control theory of linear systems, called the exact disturbance rejection problem (i.e. a zero disturbance-regulated output transfer matrix). To eliminate the influence of disturbances on the regulated output of the system, it is necessary to have information on disturbances and their effect on system. Normally, this information is obtained from measurements (using sensors). In the case where all states are measurable, we have the problem of disturbance rejection by state feedback. Otherwise, there is the problem of disturbance rejection by measurement feedback. Other approaches allow to stabilize and minimize some norm of disturbance-regulated output transfer matrix, see for example [1] . The problem of disturbance rejection by state feedback is a very well known problem [2] , [3] . In the case where the state is not available for measurement, the problem is more complex. The problem of disturbance rejection by measurement feedback has been solved in an elegant way in geometric terms, see [4] , [5] . In this paper we present the structured linear system and revisit the disturbance rejection problem (by state feedback and by measurement feedback) in the context of linear system and then of linear structured system. Necessary and sufficient conditions for the problem has a solution are presented. In the DRMF problem, we prove that the problem reduces to an unknown input observer problem on a subset of the state space. This subset consists of the states for which a disturbance affecting directly theses states can be rejected by state feedback. The observation problem amounts to estimate the disturbance effect before it leaves this subset. This allows to explain why we need to measure a sufficient number of state variables early enough to be able to estimate the VCCA-2015 disturbance effect and compensate for it via the control input. Consequently, we give the minimal number of sensors to be implemented for solving the DRMF problem. We showed also that the sensors measuring only states out of a given subset are useless for solving the DRMF problem. Our analysis comes within the context of structured systems which represent a large class of linear systems. The generic results are obtained directly from the system associated graph. The outline of this paper is as follows. We formulate the problem of disturbance rejection in section 2. The linear structured systems are presented in section 3 as well as the known structural results on the DRSF problem and the DRMF problem. The sensor location problem is considered in section 4: we give the minimal number of sensors for solving the DRMF problem and characterize an important set of useless sensors. An illustrative example is given in section 5. Some concluding remarks end the paper.
Disturbance Rejection Problem

Disturbance rejection by state feedback
We consider the linear system S given by: (
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The problem of disturbance rejection amounts to find a dynamic measured output feedback compensator ( ) (5) such that in closed loop the disturbances will have no effect on the regulated output.
H. 1 Control by dynamic feedback compensation
In transfer matrix terms, we look for a dynamic compensator (see H. 1) u(s) = F(s)z(s), where F(s) is a proper rational matrix, such that the closed loop system transfer matrix from disturbance d to controlled output y is identically zero:
This problem received a very elegant solution in geometric terms, see [4] . A geometric necessary and sufficient condition for the solvability of the disturbance rejection by measurement feedback problem is:
hJ ** Ð
where h * is the minimal (H,A)-invariant subspace containing ImE and J * is the maximal (A,B)-invariant subspace contained in KerC.
In the following, we revisit the disturbance rejection problem in a structural way. In the case of DRMF, we give some understandings and useful information on the minimal number of sensors to be implemented and on their possible location.
Linear structured system
Definitions
In this subsection we recall some definitions and results on linear structured systems. More details can be found in [14] . We consider linear systems of type (1) with parameterized entries and denoted by L S as follows:
This system is called a linear structured system if the entries of the composite matrix 00 
VV be two nonempty subsets of the vertex set 2 V of size r . Example 1: Consider the following example of a structured system whose matrices of Equation (8) 
Disturbance rejection by state feedback for structured system
In order to solve the disturbance rejection problem in the context of structured systems, we will define the first important sets of vertices in the graph ( This can be done using standard algorithms of combinatorial optimization as max-flow min-cost techniques [16] , [17] . This means that for a given sensor network, the solvability of the DRSF problem can be checked in polynomial time.
Return to the structured system in Example 1 
Disturbance rejection by measurement feedback for structured system
The linear system of the form (3) can be redefined in structured context. Consider linear systems of type (3) with parameterized entries and denoted by
This system is called a linear structured system if the entries of the composite matrix 00 00 A condition for the DRMF problem is derived in [8] . However, this condition does not provide much information on the solvability of the DRMF problem with respect to the possible location of sensors. It means, when the problem of DRMF is not soluble, where and how many new sensors can be added such that this problem becomes soluble. Therefore, in [18] we revisited this problem and gave alternative necessary and sufficient solvability condition. This condition will give new insight into the problem and provide with useful information on the number and the location of the sensors to be implemented. Let us give first some definitions. In the following theorem we give a new insight into the DRMF problem and prove that it is sufficient to study this problem on a part of the state space [18] . Theorem 2: Consider z L S a structured system of type (9) 
Interpretation:
Since the first condition is a necessary and sufficient condition for the solvability of the DRSF [8] , it is necessary also for DRMF problem. The second condition corresponds, in graphic terms and within VCCA-2015 our framework, to an Unknown Input Observer problem [3] , [19] . The condition expresses the fact that it is possible to estimate the effect of the disturbances at I F * from the measurements without the knowledge of the disturbances. It is a natural condition since when the effect of the disturbances at I F * cannot be estimated from the available measurements, the unknown effect of a disturbance on I F * will propagate out of I * and cannot be rejected by state feedback and consequently by measurement feedback. The first part of the condition is a rank condition. When it is not satisfied, we therefore need more sensors to solve the problem. The second part of the condition, when not satisfied, means that the sensors give information on the disturbance too late.
Sensor location for the disturbance rejection by measurement feedback
In this section we will examine the consequences of Theorem 2 on the possible sensor location for solving the disturbance rejection by measurement feedback problem. The first result shows that it is useless to measure variables outside I * . Proposition 1: Consider z L S a structured system of type (9) The following theorem proves that measuring states of I * sufficiently close to the disturbances and in a decoupled manner is sufficient to solve the DRMF problem.
Proposition 4:
Consider z L S a structured system of type (9) 
Disturbance rejection for a thermal process
The system
Consider the thermal process described in H.3.
H. 3 The system made up of 5 tanks
This process consists of five tanks such that each tank is fed by a fixed water flow: 12 () FF + for tank 1 and 3, 2 F for tanks 2 and 4, 12 ( 2 ) FF + for tank 5. The system control input is the heating power W . The regulated output is 5 T , the temperature of the fifth tank. The disturbances are the variations of feed flow temperatures T . The objective is to determine a dynamic measured output feedback such that 5 T is not sensitive to the variations of i tank. This model clearly exhibits the physical structure of the process. Note that this model is not exactly structured as in Section 3 since some dependencies exist between the matrix entries. Nevertheless, in order to illustrate the approach, we will consider a structured system of the form defined by equations (8) that has the same zero/nonzero structure as the physical system with the following matrices: 
H. 5 Graph of the five-tank system with measurements
Indeed, it turns out that on this model, the measurement of 1 x and 2 x provides early information on the disturbances that allows us to compensate in time with u the effect of these disturbances on the regulated output y.
Calculation of the dynamic measured output feedback compensator
Here, the matrices in (4) are: 
Simulation results
We will now test the system using the following physical values:  All the tanks volumes are 5l which leads to a heat capacity of 20.93JK 
Concluding remarks
In this paper we revisited the disturbance rejection problem in a structural way. We gave some understandings and useful information about this topic. The necessary and sufficient conditions for the problem to be solvable were given. In the DRMF case, we showed that the problem reduces to an unknown input observer problem on a subset of the state space. This structural result allowed us to study the DRMF problem irrespective of the sensors network and then to determine the minimal number of sensors to be implemented and to show that it is useless for the problem to measure states in some region of the state space. Finally, we provided with a constructive sensor network configuration which solves the DRMF problem. This last result is useful in practice for a sensor network design but remains only sufficient. 
